We report the observation of local superconductivity induced at the point contact formed between a normal metal tip and WC -a topological semimetal with superhardness. Surprisingly, the maximum critical temperature is up to around 12K but insensitive to the tip's magnetism. The lateral dimensions of the superconducting puddles were evaluated and the temperature dependencies of superconducting gap and upper critical field were also obtained. These results cannot be understood within the framework of conventional interface superconductivity and pave a pathway for exploring novel superconductivity.
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Unconventional superconductors and topological materials have attracted tremendous attentions due to their puzzling physical properties and potential applications. Integration of superconductivity and topological nature may lead to new emergent phenomena such as topological superconductivity [1] [2] [3] . Recently, superconductivity was induced at a point contact between a normal metal tip and the 3D Dirac semimetal Cd 3 As 2 [4, 5] . Soon after, similar phenomenon was reproduced in the Weyl semimetal TaAs [6, 7] . In particular, the induced superconductivity has just been observed to coexist with preserved topological properties in the line-nodal semimetal ZrSiS [8] . Such tip-induced superconductivity (TISC) is surprising since it is extremely rare in common metals. Although the most likely origins of the TISC were speculated to be tip pressure-induced band reconstruction, confinement effect, charge carrier doping [6] , or remarkable enhancement of density of states under the tip [8] , the dominant mechanism remains elusive. Meanwhile, unconventional superconductivity has been proposed for Cd 3 As 2 , yet based on two distinct experimental observations, i.e., a pseudogap behavior above the critical temperature [4] or an abnormal spectral shape at low temperatures [5] . For TaAs, such unconventionality is still in debate [6, 7] . Therefore, more evidences are desired to clarify this issue.
Most recently, a new type of topological quasiparticles was proposed for the metals hosting symmetryprotected three-band crossings (three-fold degeneracy) near the Fermi level [9] [10] [11] . These triple point fermions were first observed in MoP [12] and the non-trivial topology of the new semimetal state was identified in WC subsequently [13] . As a triple point topological semimetal, WC can be regarded as an intermediate state between Dirac and Weyl semimetals with four-and two-fold degenerate points, respectively. Furthermore, the superhardness of WC ensures its topological band structure to be robust against tip pressure, providing an ideal platform to inspect the universality and mechanism of TISC in the topological semimetals.
In this work, we performed point contact experiments on WC using both non-magnetic and ferromagnetic normal metal tips. Local superconductivity with various lateral sizes can be induced for all these tips, giving a strong evidence of its unconventional nature. In addition, the temperature dependence of superconducting gap ∆(T ) is inconsistent with the single band BardeenCooper-Schrieffer (BCS) theory, and the behaviors of upper critical field H c (T ) don't match the two-dimensional (2D) scenario. These peculiar phenomena deserve to be extensively studied to reveal the mechanism of the TISC observed in various topological semimetals.
The high-quality single crystals of WC studied here were grown by the flux method [14] , with a dimension around 2 mm 2 and a thicknesses from 0.3 mm to 0.65 mm. Point contact measurements were carried out in our home-built probes based on a physical property measurement system (PPMS) from Quantum Design. We adopted here the most common point contact (PC) configuration, often called "needle-anvil" as illustrated in Fig. 1(a) . An ultrafine differential micrometer (Siskiyou 100tpi-05d) or an Attocube nanopositioner stack was used to control tip approaching towards a sample along the longitudinal axis of PPMS, and a combination of two bevel gears and a stud was used for tip approaching horizontally. Point contacts (PCs) between various metal tips and three crystalline WC specimens (labeled as WC01, WC02 and WC03) were formed in situ with current injecting along the [001]-axis of WC crystals. During the spectral measurements, current-voltage (I ∼ V ) curves and differential conductance spectra (dI/dV ∼ V ) were recorded simultaneously. In general, I ∼ V curves of a PC between two normal metals (N/N) look more like straight lines at low bias voltages due to its nearly constant resistance, and no obvious features can be seen in the PC spectra of dIdV ∼ V . The situation is more complicated for a normal metal/superconductor (N/S) PC. When superconducting state is turned on, the spectral shape will depend on the superconducting pairing symmetry and the effective barrier height at the N/S interface, which could be described by a generalized Blonder-TinkhamKlapwijk (BTK) formalism [15] [16] [17] [18] (See Supplementary Information). A PC spectrum with lower barrier is usually referred to as Andreev reflection spectrum. For unconventional superconductors with pairing symmetries other than the conventional s-wave type, a zero-bias conductance peak (ZBCP) often appears in some specific experimental configurations due to the formation of Andreev bound states. Such ZBCP has thus been utilized to identify unconventional superconductivity [19] . By contrast, a non-intrinsic ZBCP could be observed occasionally if the thermal regime (l ≪ a) dominates over the ideal ballistic regime (l ≫ a), here l is the electron mean free path and a the contact size, which is often called "critical current effect" [20, 21] (See Supplementary Information). Some other types of ZBCPs relevant to superconductors include the in-gap bound states of a single impurity [22] and the long-sought Majorana bound states [1] [2] [3] 23] . Although different regimes are involved, both Andreev reflection and the above-mentioned ZBCPs originate from the emergence of superconductivity. Then, by measuring the temperature and magnetic field dependen- cies of such PC spectra, we could determine the critical temperature (T c ) and critical field (H c ) of the relevant superconducting phase.
The temperature dependent electrical resistivity of WC exhibits a metallic behavior without any bulk or filamentary superconductivity over the whole temperature range [14] . Measurements of magnetic susceptibility exclude the existence of superconducting impurity phases (see Supplementary Information). In our PC experiments, superconductivity was observed at more than 200 PCs involving all the used metal tips and all three WC single crystals studied in this work. As demonstrated in Figs. 1(b)-(d) , the obtained spectra can be divided into three categories: (I) with the conventional shape of an Andreev reflection spectrum, (II) showing a ZBCP and two symmetric dips beside it, and (III) having a ZBCP with multiple pairs of dips. According to the above discussions, type I indicates the realization of ballistic regime, while type II contains several possibilities aforementioned. The in-gap bound states induced by a classical impurity usually form a pair of spectral peaks instead of a ZBCP [22] . Andreev reflection could generate zero-energy bound states in N/S interface if the superconductor has a nodal pairing symmetry. Topological superconductors can also contribute significant zero-energy density of states at boundaries or impurities due to their nontrivial topology. For both cases, the symmetric dips beside the ZBCP locate near the superconducting gap energy [18, 24] , thus don't depend on the junction resistance if only the gap is unchangeable. Some of the experimental data coincide with this expectation, but some other results exhibit mutable dip energy by changing junction resistance. Although an additional resistance inherent in pseudo-four-probe electrical measurements could lead to a spurious uncertainty of the characteristic energies [25] , we believe that the critical current effect should be involved in, at least, some of our measurements. Based on these knowledge, we could deduce that the spectra of type III might be contributed by multiple parallel channels. The multiple-channel mechanism originates from a larger contact area and the inhomogeneous electric contact in that [26] [27] [28] , which could explain our experimental data in Fig. 1(d) (see Supplementary Information) and could be further verified by the data in Fig. 4 . Figures 2(a) -(c) demonstrate the detailed evolutions of PC spectra with increasing temperature for three point contacts prepared with either non-magnetic tips of Au and PtIr or ferromagnetic tip of Fe. In order to highlight the superconducting transition, the zero-bias resistance (ZBR) derived form Figs. 2(a) -(c) is plotted against temperature in Figs. 2(d) -(f) . For the PCs with a dominant superconducting channel, T c can be determined by the onset of the resistive transition, while for those multiplechannel PCs, there is possibly more than one transition with different T c (see Supplementary Information). All T c values obtained in this work are summarized in Fig. 3 . The T c maximum achieved here is near 12 K and the lowest T c is found to be about 4 K. The wide distribution of critical temperatures especially for different channels of a same PC indicates that the induced superconductivity is quite local and depends on the real condition of each microcontact in the contact area.
One of the most important findings here is that local superconductivity can be triggered in WC by ferromagnetic tips made of Fe, Co and Ni as well as the nonmagnetic tips of PtIr alloy, Au, W, and Ta, providing a strong evidence for its unconventionality. It should be mentioned that the superconducting signal observed here is strong enough with a good repeatability, excluding the occasionality of the experiments. Furthermore, although the maximal T c values seem to be correlated with tip materials, they are not sensitive to the magnetism of the tips. It is well known that ferromagnetism will break spin singlet pairing. Thus, the local superconductivity induced beneath a magnetic tip is most likely an unconventional spin-triplet superconducting state.
In order to get further insight into the observed TISC, the measured Andreev-reflection spectra (obtained in ballistic regime) were studied in detail as exemplified in Fig. 4(a) . To take into account the contribution from both the superconducting channel and the normal one, a revised two-channel BTK model was adopted, where the parameters of ∆, Z, Γ and W S are superconducting gap, effective barrier height, broadening factor and the spectral weight contributed by superconducting channel. Thus the total conductance C tot can be written as
It was found that, the simulation with an appropriate W S = 21% can fit the experimental data very well, whereas neither a single channel (W S = 100%) or an underestimated value of W S (say, 10%) cannot. Moreover, as shown in Fig. 4(b) , a slight adjustment of junction resistance could lead to a change of W S without changing the nature of the superconducting channel. These analysis indicate the validity of the two-channel model and the finite size of the superconducting area. Combining the resistance of superconducting channel (R S ) and the fitting parameter of Z, we can evaluate the lateral dimension of the superconducting channel using the well known expression of Sharvin resistance for a micro constriction in the ballistic limit, i.e., R S = (1 + Z 2 ) · ρl/4a 2 [15] , where ρ is the bulk resistivity of the two banks of a PC. As a rough estimate, ρ is taken as 1µΩ·cm by considering ρ W C = 0.37µΩ·cm and ρ Au ∼ 2µΩ·cm, and the mean free path is taken as l = √ l W C · l Au ∼ 1µm. R S ≈ 21Ω could be derived from the total junction resistance of R J ≈ 4.4Ω by R J /W S , which gives a lateral dimension as low as 13 nm. Considering the contact size in thermal regime is much larger than the mean free path, it can be concluded that the induced local superconductivity could have a dimension varying from tens of nanometers to the order of micrometer. On the one hand, the magnetic compatible superconductivity observed in such a small area apparently contradicts with the expectation of conventional BCS superconductors with spin-singlet pairing. On the other hand, the superconducting region realized in micron degree make it possible to be extended to a much larger scale by using appropriate ways such as metal film deposition. Figure 4(c) demonstrates the global fitting of a series of temperature dependent spectra, and the determined superconducting gaps for all such fittings are summarized in Fig. 4(d) . The temperature dependencies of the superconducting gaps do not merge into each other whereas distribute randomly around the BCS law, which could be a consequence of multi-band superconductivity [29] or some unknown regime related to unconventional superconductivity.
The TISC observed in WC in addition to Cd 3 As 2 [4, 5] and TaAs [6, 7] implies a common mechanism shared by these topological semimetals. Among several possible explanations, the first candidate is strain-induced change of band structure due to tip pressure as proposed in previous studies. However, this speculation is inconsistent with our finding that a soft Au tip could induce a T c of 11.5 K on WC, even higher than that of 7.5 K achieved by a W tip. In fact, WC has a hardness of near 2000 kg/mm 2 (along c-axis) at room temperature, which is much higher than that of Au (100-200 kg/mm 2 ). Moreover, no superconductivity above 1.5K can be observed under a very high hydrostatic pressure up to 11GPa (unpublished). Therefore, tip pressure effect can be ruled out in our experiments. As aforementioned, the superconducting puddles can be as large as the order of micrometer, implying the confinement effect is also irrelevant here. So, this TISC could be regarded as some sort of interfacial superconductivity depending on the strength of coupling between metal tips and WC surface. In any case, a two dimensional superconductivity is expected [30] . We have carried out first principle calculations based on a slab model, in which the point contact is simplified as a WC slab covered by a metallic atomic layer of Au or Pt (see Supplementary Information). It was found that the inclusion of a normal metal tip in contact with WC affects electronic states just near the sample surface within three unit cells, below which the bulk band structure is preserved. In most cases, it obeys the same rule of H // c (T ), but in some cases, it can be described by a trial formula of
75 which lies between the empirical square law and the 2D square root law. This suggests that the induced superconductivity might locate at the boundary of 3D and 2D regimes. Such deviation from 2D scenario could be due to the limited size in both horizontal and vertical directions, but it is more likely to reflect a strong coupling between metal tips and WC inducing a superconducting layer with a significant thickness. All H c (0) values determined by extrapolating H c (T ) to zero temperature are summarized as a function of T c in Fig. 5(d) . Although most data follow a consistent trend indicated by the black solid line, some points of H ⊥ c (0) obviously exceed Pauli paramagnetic limit, indicating again the unconventional nature of the TISC in WC. One appropriate explanation is the existence of a spin-triplet paring mixed with a spin-singlet one in such a multi-band superconductor.
In summary, we have observed tip-induced superconductivity (TISC) up to near 12K on the newfound topological semimetal WC with a super hardness. The estimated lateral dimensions of the superconducting regions vary from dozens of nanometers to the order of micrometer, and the determined temperature dependencies of superconducting gap and critical field behave differently from that of a conventional single-band superconductor. Most surprisingly, the achieved critical temperature is insensitive to the magnetism of the tip material. These findings have revealed the unconventional nature of the TISC in WC and deserve to be studied intensively. Moreover, the high chemical stability and super hardness of WC offer an opportunity to fabricate metal/WC interface with other techniques, which might be further used in exploring exotic quantum phenomena in this topological material.
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